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Abstract
Changes in health socio-economic inequalities are currently measured by comparing the mortality gradient across
aggregates of small administrative areas at two points in time. However, this methodology may be ﬂawed as it ignores
population movement, which previous research has shown to be selective, with a net loss of the more afﬂuent (and possibly
healthier) residents from deprived to more afﬂuent areas. This paper investigates whether selective migration contributed
sufﬁciently to the observed socio-economic gradients in mortality in England and Wales throughout the 1990s so as to
invalidate the current method of monitoring health inequalities. The ONS Longitudinal Study for England and Wales was
used to calculate directly standardised mortality rates (DSR) by decile of deprivation in 1991 and 2001. The DSRs for 2001
were calculated twice, once according to decile of residence in 2001, and also according to the original decile in 1991.
Selective migration was found to make an important contribution in explaining increases in inequalities between areas,
accounting for about 50% of the increase for those aged less than 75. At the older age groups, however, selective migration
was responsible for a narrowing of mortality differentials over time. These results indicate that caution should be exercised
when using repeated ecological studies in assessing the extent of changes in inequalities over time.
r 2007 Elsevier Ltd. All rights reserved.
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Introduction
People living in deprived circumstances consis-
tently show higher levels of morbidity and mortality
than those resident in more afﬂuent circumstances
(Achenson, 1998; Mackenbach, Kunst, Cavelaars,
Groenhof, & Geurts, 1997; Townsend, Whitehead,
& Davidson, 1992). Many studies investigating
socio-economic inequalities in health have used an
ecological design (Carstairs & Morris, 1991; Town-
send, Phillimore, & Beattie, 1988), a valuable source
of information when individual level data are not
available. Researchers have been given some re-
assurance regarding the recognized limitations of
ecological studies (Morganstern, 1982) by the
demonstration that the relationships between so-
cio-economic factors and health at an area level also
pertain at an individual level (MacRae, 1994;
Sloggett & Joshi, 1994). No such assurance is
available, however, for the most widely used
methodology for assessing changes in health in-
equalities. This is an extension of the ecological
design and generally involves using the same
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assessment tools to produce a snapshot of health of
areas at two points in time and comparing for any
changes. However, the approach may be seriously
ﬂawed as it ignores possible differences arising from
the selective movement of people. Davey Smith,
Shaw, and Dorling (1998) commented that popula-
tion change is an important parameter that has not
been sufﬁciently investigated in relation to spatial
patterns of mortality.
This has important implications as the repeat
ecological design is the methodology used to
demonstrate a widening of socioeconomic and
health inequalities between areas, both in the UK
(Dorling, 1997; Dorling, Davey Smith, & Shaw,
2001; McCarron, Davey Smith, & Wormsley, 1994;
McLoone & Boddy, 1994; Phillimore, Beattie, &
Townsend, 1994; Shaw, Davey Smith, & Dorling,
2005; Staines & Cartwright, 1995) and elsewhere
(Geronimus, Bound, & Waidmann, 1999; Miche-
lozzi et al., 1999). It is also the way that the
Departments of Health in England and Wales
assessed the progress of their policies to reduce
health inequalities (Department of Health, 2005).
The justiﬁcation for this is that it is a fair
comparison as the areas (or groups of areas) are
unchanged and the same instruments have been
used to assess the population. However, such
comparisons may not be reasonable if the popula-
tions being compared have changed, for example
through in- or out migration. Failure to consider
migration effects could lead to incorrect conclusions
being drawn about the effectiveness of policies to
reduce inequalities in health. For example, if
policies directed at poorer areas were successful at
improving health, and at the same time many of
those who most beneﬁted from these policies
selectively migrated to ‘nicer’ areas then later re-
examination of the health status of the deprived
areas might lead to an incorrect conclusion that the
policy initiatives had not worked, when in fact it
was ‘residualisation’ (i.e. sicker people left behind),
resulting in worsening health measures for that
community.
There is now a wealth of evidence showing that
there has been a net movement of population from
deprived and towards more afﬂuent areas in recent
decades (Norman, Boyle, & Rees, 2005; O’Reilly,
Browne, Johnson, & Kelly, 2001) and that the
propensity to migrate is greatest amongst the
younger, better educated and more afﬂuent indivi-
duals and households (Fielding, 1997; Leon &
Strachan, 1993; Meen, Gibb, Goody, McGrath, &
MacKinnon, 2005; O’Reilly & Stevenson, 2003;
Richey, 1976). The result of such selective migration
has been an increasing depopulation of deprived
areas and increasing socio-economic polarization
between areas over time. However, the evidence
showing that selective migration has played a
signiﬁcant part in the observed increases in inequal-
ities in health between areas is less clear (Boyle,
2004).
Fox, Goldblatt, and Adelstein (1982) using the
Ofﬁce for National Statistics Longitudinal Study
(ONS LS) to examine the possible role of selective
migration in determining the geographical distribu-
tion of mortality, conﬁrmed the presence of health
selection processes that would have lead to some
minor widening of the regional gradients in
mortality. These processes were largely driven by
selective movement of healthier younger people but
there was also evidence of migration of an older
dependency group who were moving for reasons of
care and support. However, Strachan, Leon, and
Dodgeon (1995) concluded that the geographical
pattern of mortality from cardiovascular disease
cannot be attributed to selective migration as the
mortality ratio of the high mortality areas was
unchanged even when all the migrants had been
‘‘sent home’’ to their earlier places of residence.
More recently, Brimblecombe, Dorling, and Shaw
(1999) by ‘replacing’ migrants within the British
Household Panel Study to their region of birth and
examining the subsequent distribution of mortality,
concluded that migration explained all of the
observed inequalities in mortality between districts;
though it has been pointed out that the overall
number of deaths analysed in that study was
relatively small (Boyle, 2004). In a follow-up paper
Brimblecombe, Dorling, and Shaw (2000) reana-
lyzed the population movements for larger geogra-
phical areas and showed that the numbers of
migrants between regions were too small to
signiﬁcantly inﬂuence mortality patterns. Norman
et al. (2005) used the ONS LS to show that between
1971 and 1991 there was a net ﬂow of healthy
migrants from deprived areas and towards less
deprived areas within England and Wales, with the
effect of raising mortality in the origins and
lowering them in the destinations. On the other
hand, in a separate paper, Boyle, Exeter, and
Flowerdew (2004) concluded that the widening
mortality gap in Scotland between 1981 and 2001
could not be explained simply as an artifact of
population change.
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The question that this paper addresses is whether
selective migration has contributed sufﬁciently to
the observed socio-economic gradients in mortality
so as to invalidate the current method of monitoring
health inequalities. The speciﬁc objectives are (i) to
examine the direction and extent of migration
across the geographically deﬁned socio-economic
spectrum, (ii) to compare the characteristics of those
who move to more afﬂuent areas and those who
move to more deprived areas and ﬁnally, (iii) to
examine the role played by migration in the
changing socio-economic status (SES) patterns of
health inequalities.
Methods
Most of the data used in the study were derived
from the ONS LS. The ONS LS contains linked
decennial census and vital events data for a
representative 1% sample of the population of
England and Wales, dating from 1971 (Hattersley &
Creeser, 1995). The current study is based on the
1991 cohort of 542 610 people of whom 414 598
were alive, enumerated and resident in England or
Wales at the time of the 2001 census. In these
analyses migrants are deﬁned as those who are
living in a different ward and a different deprivation
decile in 2001 than in 1991. The characteristics of
migrants were examined using both univariate
analysis and multivariate logistic regression. All
data relating to the LS cohort members’ demo-
graphic and socio-economic and health status, and
place of residence were as recorded at the time of the
1991 census. A Carstairs deprivation score (pro-
vided by the Census Dissemination Unit from the
Manchester Information & Associated Services
based at the University of Manchester) for each of
the 9363 electoral wards was calculated using an
unweighted combination of four census-based vari-
ables (percentage of private households without
access to a car, percentage with head of household
in a manual social class, the percentage of over-
crowded households (deﬁned as more than one
person per habitable room), and the percentage of
economically active men who are unemployed).
Wards were grouped into deprivation deciles with
approximately equal proportions of the population
in each. Cohort members were assigned, using their
postcode of residence, to one of these deciles.
Multiple logistic regression was used to examine
the characteristics of migrants, comparing those
moving to more afﬂuent deciles with those moving
to more deprived deciles as only those who change
decile will contribute to the changes in spatially
determined gradients in health. This comparison
was made for those originating in the ﬁve most
afﬂuent and ﬁve most deprived deciles seperately, so
that the pattern would not be dominated by the
characteristics of migrants from the more deprived
deciles who constituted the majority of migrants.
The main aim was to use the ONS LS to replicate
the usual methodology for monitoring health
inequalities, examining the mortality gradient across
the deprivation spectrum in 1991 and comparing it
with the equivalent data for 2001. The mortality
gradient for 2001 was then re-assessed putting
cohort members back to their deprivation decile of
residence in 1991. This second gradient shows what
inequalities in mortality would have looked like
around 2001, had migration not occurred. Compar-
ing the gradients in 2001, with and without
migration, to the 1991 gradient allows the impact
of migration on changes in inequalities to be
quantiﬁed.
The mortality gradient across the deprivation
deciles in 1991 was characterised using the 9594
deaths occurring to cohort members during the
calendar years 1991–92; the 13 083 deaths occurring
during the 2001–03 period characterised the social
gradient at 2001. Ideally deaths from just 1991, the
period closest to the census, would have been
included in the analysis. However, it was necessary
to include one additional year around 1991 (1992)
and two additional years around 2001 (2002 and
2003) to ensure that there were a sufﬁcient number
of deaths to allow mortality rates to be calculated
for each decile, especially at younger ages. Directly
standardised death rates were calculated for each
decile of deprivation in 1991 and for 2001, both
including and excluding inter-censal movements.
The standardised death rates for 1991 were calcu-
lated using all individuals; however those for 2001
were calculated for the population aged 10 or more
in 2001 as individuals younger than this do not form
part of the 1991 cohort.
The extent of inequality was assessed using
extremal quotients and the Relative Index of
Inequality (RII) (Low & Low, 2004). The extremel
quotient is the ratio of the standardised death rates
of the most deprived to the most afﬂuent decile;
while the RII, based on the Slope index of inequal-
ity, is a regression based measure of inequality
which incorporates information about all deciles
rather than the experience of the extreme deciles.
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Previous research has shown that the relationship
between migration and health status differs accord-
ing to the age of the migrant (Bentham, 1988) with
younger migrants generally more healthy than their
non-migrating counterparts and the reverse being
the case for older migrants. The impact of migration
on the distribution of health was, therefore, assessed
for people aged less than 75 and also for all ages
combined.
Results
A comparison of the areas of residence in 1991
and 2001, for the sub-set of the 1991 cohort who
had survived until 2001, showed that 45% of the
population changed address and 36% changed
decile of deprivation during this period. Much of
the migration was between deciles with similar levels
of deprivation, with 28.5% of migrants moving to
an adjacent decile. Fig. 1 shows the net change in
the total population in each decile due to migration
across the socio-economic spectrum, and conﬁrms
the net gains in the more afﬂuent areas and losses in
the more deprived ones.
Table 1 shows the results of the fully adjusted
logistic regression analysis, which compares, within
each half of the deprivation spectrum, the char-
acteristics of the migrants who moved to more
afﬂuent deciles with those who moved to more
deprived deciles. Younger adults were more likely to
be upwardly mobile, middle-aged adults less so, and
there was the suggestion of a net drift to more
afﬂuent areas at the oldest ages. Gender was not
signiﬁcantly associated with upward migration.
Those who were single, divorced, or widowed were
less likely than those who were married to move to
more afﬂuent areas. Cohort members of African or
Afro-Caribbean extract were less likely than whites
to move to more afﬂuent areas, and the effects were
more pronounced in the more afﬂuent half of the
deciles. People who lived in more deprived house-
holds (whether assessed by tenure, car availability
or household density) were less likely to be
upwardly mobile. Area of residence in 1991 was
important, with the likelihood of upward geogra-
phical mobility closely aligned to the well docu-
mented North/South socio-economic gradient, with
people in the more afﬂuent South more likely to
move to more afﬂuent areas; those in the more
deprived northern regions less likely to do so. Poor
health appeared to be a deterrent to moving to more
afﬂuent areas.
In Table 2, the mortality gradients across the
deprivation deciles for those aged under 75 are
shown for 1991, 2001 (using decile of residence in
2001), and 2001 using deciles of residence in 1991.
The death rates for the 2001 period included
individuals aged 10–74. Clear socio-economic gra-
dients in mortality are seen, with a widening of
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Fig. 1. Percentage population change across the deprivation deciles between 1991 and 2001.
S. Connolly et al. / Social Science & Medicine 64 (2007) 2008–2015 2011
inter-censal period. The extremal quotient shows
that in 1991, those living in the most deprived areas
had a standardised death rate 54% higher than
those in the most afﬂuent areas; by 2001 (using 2001
decile of residence) this excess had increased to
80%. However, the ﬁnal column shows that if
migration had not occurred, this excess would have
increased only to 75%, indicating that selective
migration may have a part to play in the increase in
inequalities. The RII shows that the extent of
inequality across all the deciles was 53% in 1991
and had risen to 70% by 2001. Had migration not
occurred this increase would have been to 62%,
migration, therefore, accounting for roughly half of
the increase in inequalities over this 10-year period
for the 0–74 age group.
Table 3 illustrates the mortality gradients for
1991 and 2001, using all age groups. As expected the
socio-economic gradients in mortality were less
steep when all age groups are included. In addition,
the gradients for 2001 were almost identical whether
assessed using the decile of residence in 2001 or
1991. This was due to the movement of older
unhealthy migrants to more afﬂuent areas and an
analysis restricted to those aged over 75 (results not
shown) showed that inequalities would have been
almost twice as great in 2001 than 1991 had
migration not occurred.
Discussion
This study used a large, representative popula-
tion-based cohort study to examine the extent of
selective migration in England and Wales during the
1990s and to assess its contribution to increasing
inequalities in health. We have concentrated on
mortality as this has been the outcome measure in
most papers relating to widening health inequalities
(Dorling, 1997; Dorling et al., 2001; McLoone &
Boddy, 1994; Phillimore et al., 1994; Shaw et al.,
2005) and used a 10-year period as this is the usual
period of comparison.
Between 1991 and 2001 there was evidence of
both socio-economic and health selective migration,
which was responsible for a signiﬁcant proportion
of the increase in socio-economic inequalities in
mortality over this period, at least at the younger
age groups. For those aged less than 75 the increase
in health inequalities over the 10 years would have
been approximately 50% lower had migration not
taken place; if all age groups are included migration
appears to have little impact on mortality gradients.
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Table 1
Socio-demographic, socio-economic and area characteristics of
cohort members who moved to a more afﬂuent decile compared to
those who moved to a more deprived decile: results of fully
adjusted logistic regression models; where residence in 1991 was (a)





OR (95%CIs) OR (95%CIs)
Age (base 0–14)
15–24 0.97 (0.92–1.02) 0.86 (0.82–0.90)
25–34 1.20 (1.13–1.29) 1.41 (1.33–1.50)
35–44 0.97 (0.89–1.05) 1.09 (1.01–1.17)
45–54 1.02 (0.93–1.12) 0.94 (0.86–1.01)
55–64 1.04 (0.94–1.16) 0.95 (0.87–1.05)
65–74 1.15 (1.02–1.31) 0.98 (0.88–1.09)
75–84 1.22 (1.02–1.44) 1.07 (0.92–1.24)
85+ 1.37 (0.86–2.18) 1.40 (0.96–2.05)
Sex (base males)








0.94 (0.86–1.02) 0.87 (0.76–1.00)
Other Asian
(Chinese)
0.95 (0.81–1.11) 1.00 (0.82–1.23)
LLTI (base no)
Yes 0.82 (0.77, 0.88) 0.92 (0.85–0.99)
Marital status (base married)
Single 0.87 (0.83–0.92) 0.80 (0.76–0.84)
Divorced 0.91 (0.84–0.99) 0.87 (0.81–0.94)
Widowed 0.85 (0.76–0.97) 1.00 (0.89–1.11)
Tenure (base owner/occupier)
Private renter 0.92 (0.86–0.98) 0.88 (0.82–0.94)
Social renter 0.96 (0.91–1.00) 0.81 (0.76–0.87)
Other 0.87 (0.77–0.99) 0.73 (0.67–0.80)
Car (base 2 or more)
One 0.90 (0.86–0.94) 0.98 (0.94–1.01)
None 0.74 (0.70–0.78) 0.84 (0.78–0.90)
Persons per room (base o0.5)
0.5–0.99 0.85 (0.81–0.88) 0.90 (0.87–0.93)
X1.0 0.74 (0.68–0.79) 0.78 (0.71–0.87)
Region (base South East)
South west 1.09 (1.01–1.18) 1.03 (0.98–1.08)
East Anglia 1.00 (0.90–1.12) 0.93 (0.87–1.00)
East Midlands 0.82 (0.76–0.88) 0.83 (0.78–0.88)
West Midlands 0.77 (0.73–0.83) 0.78 (0.74–0.83)
Yorks and Humber 0.68 (0.64–0.72) 0.73 (0.68–0.78)
North East 0.64 (0.60–0.69) 0.62 (0.56–0.68)
North West 0.74 (0.70–0.79) 0.71 (0.67–0.75)
Wales 0.63 (0.58–0.67) 0.77 (0.70–0.83)
Source: ONS LS.
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An analysis based on the extremal quotient leads to
the same conclusions, though the contribution of
migration to the increase in inequalities appears less.
The explanation for the differing effects of migra-
tion according to the age-band chosen is that at
younger ages migrants are generally healthier than
the non-migrants, but at older ages the reverse is
true, as people with poor health may move to access
care (Bentham, 1988; Warnes, 1992). At older ages,
migration is responsible for a narrowing of mortal-
ity differentials between areas.
There are some limitations to the present study.
The changes in mortality gradients were examined
across deciles of deprivation that had been deter-
mined and ﬁxed at the start of the study period. This
is the method used by some researchers such as
McLoone and Boddy (1994) and Phillimore et al.
(1994), though others formed new deciles based on a
ranking of the constituent wards at the time of the
follow-up period (Dorling et al., 2001). We assume
that conclusions regarding the effects of migration
apply in either situation. McLoone (2004) has
shown that wards are relatively stable over time
and Norman et al. (2005) showed that the effects of
migration on the distribution of health are much
larger than those arising from a change in the area
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Table 2
Directly standardised death rates for the 0–74 population in 1991, and the 10–74 population in 2001 using the 2001 decile of residence and
2001 using the 1991 decile of residence
1991 2001 using 2001 decile of
residence
2001 using 1991 decile of
residence
Least deprived 293.4 247.7 240.6
2 290.8 230.0 239.1
3 315.6 274.8 288.8
4 352.6 252.7 262.7
5 355.0 274.4 289.4
6 359.2 313.9 299.6
7 418.1 347.9 329.6
8 442.6 395.2 393.5
9 428.3 371.2 354.3
Most deprived 450.6 440.5 420.6
Extremal quotient 1.54 1.80 1.75
Relative index of inequality 52.92% 69.90% 61.96%
Source: ONS LS.
Table 3
Directly standardised death rates for the all ages population in 1991, and the 10+ population in 2001 using the 2001 decile of residence;
and 2001 using the 1991 decile of residence
1991 2001 using 2001 decile of
residence
2001 using 1991 decile of
residence
Least deprived 570.4 503.5 495.7
2 553.1 495.8 491.2
3 581.0 541.1 554.7
4 623.5 514.6 514.1
5 625.6 548.1 561.7
6 635.5 606.9 589.9
7 708.0 630.4 609.7
8 724.6 686.8 692.8
9 722.8 656.3 650.0
Most deprived 733.3 759.5 758.4
Extremal quotient 1.29 1.51 1.53
Relative index of inequality 34.15% 45.56% 45.75%
Source: ONS LS.
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deprivation score. Selective migration is likely to be
as important a demographic feature for more
recently deprived areas as for areas where it has
been a longstanding problem. Neither emigrants
nor immigrants were included in this study, as the
numbers of these is likely to be small in comparison
to the base population and to the number of
internal migrants. The current method of compar-
ing two snapshots of health inequality across time
would naturally exclude emigrants, and immigrants
tend to settle in areas that match their SES (O’Reilly
& Stevenson, 2003) and are, therefore, unlikely to
signiﬁcantly distort the original socio-economic
health gradients. Finally, slightly different age
bands were used in the construction of the DSRs
in 1991 and 2001. This was necessary to ensure that
the groups being compared over the two time
periods were comparable. The exclusion of the
under 10 s in 2001 is unlikely to bias the results due
to the very few deaths in this age group.
The original question posed at the outset of the
paper was whether the effects of selective migration
were sufﬁcient to invalidate the current methodology
for monitoring health and health inequalities. The
answer is a guarded ‘no’. This study has demon-
strated increases in the geographical disparities in
health status that were not due to migration and
therefore conﬁrmed the overall conclusions of pre-
vious studies within England and Wales of widening
inequalities in health during the 1990s (Dorling et al.,
2001; McLoone & Boddy, 1994; Phillimore et al.,
1994; Shaw et al., 2005). However, it is clear that
selective migration makes an important contribution
to these increases, so we believe the current metho-
dology for assessing changes in inequalities should
not be used in isolation, as an indication of the
magnitude of these changes or for assessing the
success or otherwise of policies to reduces health
inequalities. These conclusions are based on the size
and direction of the current migration patterns, which
may change over time. The dominant migration
pattern over the last few decades has been one of
exodus from more deprived areas, but there is
evidence of recent change and, with the slow process
of gentriﬁcation, many deprived areas, especially in
cities, are beginning to see the start of a reversal in
fortunes (Lees, 2000). This selective movement of
more afﬂuent and healthy people into previously
deprived areas could also produce dramatic changes
in the geography of health inequalities that are
independent of any change in the health of indivi-
duals or effect of policy initiatives.
This research conﬁrms the importance of migra-
tion, between groups of electoral wards with an
average population of about 5000, in shaping the
geographical patterns of health, though it is unclear
if these effects appear at larger geographical levels.
Brimblecombe et al. (1999) thought that selective
migration explained all of the increases in health
inequalities at district level but none of the changes
at larger geographical areas, though other research
has suggested that the increasing difference between
cities and their hinterlands may also be due to
selective migration (O’Reilly et al., 2001). Further
research is needed to answer this question.
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